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1  Introduction 


One  of  the  most  important  items  to  consider  when  using  free  space  laser  communications  in 
an  atmospheric  environment  is  the  atmosphere.  Whether  communication  is  from  air-to-air  or 
air-to-ground,  the  atmosphere  plays  a  major  role  in  corrupting  it.  Moisture,  aerosols,  tempera¬ 
ture  and  pressure  changes  produce  refractive  index  variations  in  the  air  by  causing  random  vari¬ 
ations  in  density.  These  variations,  depicted  in  Figure  1,  are  referred  to  as  eddies  and  have  a 
lens  effect  on  light  passing  through  them.  When  a  plane  wave  passes  through  these  eddies,  parts 
of  it  are  refracted  randomly  causing  a  distorted  wavefront  with  the  combined  effects  of  vari¬ 
ation  of  intensity  across  the  wavefront  and  warping  of  the  isophase  surface.  By  the  time  the 
light  reaches  its  destination,  it  is  no  longer  spatially  or  temporally  coherent  over  the  entire 
wavefront,  and  an  optical  system  sampling  a  large  portion  of  the  wavefront  would  not  be  able  to 
focus  the  light  to  the  diffraction  limit  of  the  optics.  Instead,  the  size  of  the  Airy  disk  (ref  Eugene 
Hecht,  Optics  page  419)  produced  would  be  a  function  of  the  diffraction  limited  aperture  of  the 
atmosphere,  or  atmospheric  transverse  coherence  length,  rQ,  as  it  is  sometimes  called.  An  opti¬ 
cal  system  which  has  an  aperture  equal  to  or  less  than  the  rD  will  sample  a  coherent  portion  of 
the  wave  and  produce  an  image  that  is  based  upon  the  quality  of  the  optical  equipment.  If  the 
aperture  of  the  optical  equipment  is  larger  than  the  rQ,  then  the  quality  of  the  image  will  be 
dependent  upon  the  amount  of  atmospheric  turbulence  in  the  optical  path. 

Since  optical  communications  relies  on  the  use  of  wavelengths  which  are  highly  influenced 
by  changes  in  refractive  index,  we  decided  to  investigate  the  direct  relationship  between  atmos¬ 
pheric  turbulence  and  communications  quality.  The  reason  for  doing  this  was  to  see  if  enough 
information  could  be  gathered  by  repeated  sampling  of  the  rc  to  allow  changes  to  be  made  in  the 
communications  parameters  which  would  optimize  the  communications  and  guarantee  maxi¬ 
mum  information  throughput. 
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Figure  1  Atmospheric  Turbulence  Profile 
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Our  approach  to  obtaining  our  goal  involved  setting  up  a  laser  com,  mnications  link  over  a 
5-mile  path  and  measuring  the  Bit  Error  Rate  (BER)  of  the  digital  signal,  and  measuring  the  rQ 
of  the  path.  To  accomplish  thi„,  a  few  minor  details  had  to  be  taken  care  of  first.  Since  there 
were  no  laser  communications  systems  available  off-the-shelf  which  satisfied  our  requirements 
for  an  8-kilometer  free-space  link,  we  built  a  laser  transmitter,  a  receiver,  the  required  interfaces 
and  the  r0  measuring  equipment  in  the  laboratory  with  available  off-the-shelf  components  and 
equipment. 

Since  publication  of  the  software  developed  to  drive  the  CCD  camera  and  measure  the  rc 
would  limit  the  distribution  of  this  Technical  Report  to  the  Government,  it  is  not  being  pub¬ 
lished  in  this  report.  However,  if  any  one  in  the  government  has  a  need  for  the  software,  it  can 
be  obtained  from  the  author  at  WL/AAAI-2.  A  limited  distribution  publication  of  the  software 
is  planned  in  the  near  future. 
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2  Background 

One  of  the  earliest  methods  of  determining  ro  involved  photography.  Light  from  a  distant 
star  was  focused  onto  a  photographic  plate  and  after  a  suitable  exposure  time  the  plate  was  de¬ 
veloped.  The  diameter  of  the  focused  spot  was  then  determined  with  the  aid  of  a  densitometer 
and  a  mechanical  measuring  device.  The  rG  was  then  calculated  in  accordance  with  diffraction 
theory  and  the  following  equations  which  relate  the  telescope  aperture,  D,  the  wavelength  of 
light ,  X,  and  the  focal  length  of  the  optical  system,  f.l.,  to  the  size  of  the  focused  spot,  Airy 
disk  diameter: 


AiryDiskDiameter  =  2. 44(2  *  f.l.)  I D  2-1 

Knowing  that  using  an  optical  system  with  an  aperture  greater  than  the  rc  will  produce  a 
focused  spot  size  which  is  dependent  upon  the  diffraction  limited  aperture  of  the  atmosphere 
allows  us  to  replace  the  telescope  aperture,  D,  in  the  diffraction  equation  with  ru  to  arrive  at  a 
relationship  between  the  Airy  Disk  Diameter  and  r0: 

_  2.44(A  «  //■) 

T°  (AiryDiskDiameter )  2-2 

Even  though  one  could  conceivably  use  an  automatic  camera  to  take  a  sequence  of  pictures 
over  a  period  of  time,  it  would  be  a  rather  slow  process  and  in  no  way  could  it  be  considered 
close  to  a  real-time  measurement.  As  interest  in  the  stochastic  nature  of  the  atmosphere  grew 
and  technology  advanced,  other  methods  of  measuring  the  "seeing  condition"  of  the  atmosphere 
were  developed. 

A  past  endeavor  of  mine  involved  developing  a  method  of  measuring  the  r0  for  use  as  a 
tool  to  help  characterize  the  atmosphere  for  surveillance  applications.  I  used  a  1  -meter  aper¬ 
ture  cassegrain  telescope,  shown  in  Figure  2,  to  gather  incoming  light  from  a  point  source 
and  focus  it  onto  a  spinning  reticle  wheel  which  contained  a  track  of  apertures  which  increased 
geometrically  in  size  (ref.  Wilkins  RADC-TR-86-192).  Light  passing  through  the  apertures  of 


4 


the  reticle  was  collected  by  a  photomultiplier  tube  and  the  resulting  electrical  signal  was  digit¬ 
ized  by  an  analog-to-digital  converter.  The  digital  output  contained  information  about  the 
modulation  transfer  function  or  me  atmosphere  and  was  reduced  by  computer  to  provide  the 
diffraction  limited  apert-1'-:  of  the  atmosphere.  The  system  was  large,  even  without  the  1 -meter 
telescope,  and  the  optics  were  difficult  to  keep  aligned  due  to  atmospheric  turbulence  induced 
beam  wander.  Although  the  system  was  good  for  its  time,  its  size  and  mechanical  parts  were 
impractical  for  use  as  a  real  time  atmospheric  turbulence  monitor  for  laser  communications  sys¬ 
tems. 

Other  methods  of  obtaining  the  rQ  have  also  been  employed.  One  such  method  is  to  meas- 

2 

ure  the  refractive  index  structure  parameter,  Cn  ,  using  a  stellar  scintillometer.  This  method 

2 

involves  taking  several  scintillation  measurements  along  the  optical  path  and  deriving  the  Cn 
information  analytically.  The  rD  can  then  be  obtained  by  using  an  equation  which  relates  rc  to 
Cn  .  Although  this  method  does  arrive  at  the  rc  ,  it  was  not  considered  acceptable  for  our  laser 
communications  work  because  it  is  time  intensive.  Ostensibly,  atmospheric  conditions  change 
due  to  wind,  temperature  and  pressure  changes.  Consequently,  the  atmospheric  refractive  index 
structure  parameter  and  thus  the  diffraction  limited  aperture  of  the  atmosphere  also  undergo 
constant  change.  Since,  using  the  Cn  method  requires  several  scintillation  measurements  and 
analytical  computations  for  each  r0  measurement,  it  is  not  possible  to  derive  the  r0  fast  enough 
to  make  the  required  communications  parameter  changes  to  allow  for  an  optimum  communi¬ 
cations  channel. 
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2. 1  Objective  of  the  LCL  In-House  Research  Effort 

The  purpose  of  this  In-House  Laboratory  Independent  Research  (ILIR)  project  was  to  con¬ 
duct  research  to  determine  the  feasibility  of  using  inherent  information  obtained  through  the 
measurement  of  the  diffraction  limited  aperture  of  the  atmosphere  (rQ)  to  adapt  laser  communi¬ 
cations  system  parameters  to  provide  an  optimum  communication  channel  in  the  presence  of 
atmospheric  turbulence. 

2.2  Approach 

To  accomplish  the  objective,  an  8  kilometer  pulsed  laser  communications  link  has  been  es¬ 
tablished  between  Trebein  Test  Site  and  the  Laser  Communications  Lab  (LCL)  on  the  Wright- 
Patterson  AFB,  Area  B,  Building  620  tower,  twelfth  floor,  as  shown  in  Figure  3.  The  laser 
transmitter  and  Bit  Error  Rate  encoder  are  located  at  the  Trebein  site  and  the  receiver,  rD,  me¬ 
teorological,  and  data  acquisition  equipment  are  in  the  LCL.  Since  rD  measuring  equipment  and 
laser  receivers  are  not  available  off  the  shelf,  they  were  designed  and  built  in-house.  The  re¬ 
mainder  of  this  technical  report  will  focus  on  the  design  of  the  rQ  measurement  device,  the 
lasercom  transmitter  and  receiver  and  the  data  collected. 


Figure  3.  Free  Space  Laser  Communications  Link 


3  Equipment  Design  and  Development 

Because  free-space  laser  communications  is  still  in  its  infancy,  some  of  the  equipment  re¬ 
quired  for  this  project  was  not  available  off-the-shelf  and  had  to  be  designed  and  built  in-house. 
This  section  describes  the  design  of  the  rc  and  communications  equipment. 

3.1  Atmospheric  Transverse  Coherence  Length  Measurement  System 

The  LCL  houses  the  equipment  used  for  measuring  the  rQ.  An  in-house  designed  and  built 
system,  the  device  incorporates  the  simplicity  of  the  photographic  method  with  the  data  acquisi¬ 
tion  capability  of  the  rotating  reticle  wheel  method,  without  the  need  for  chemicals  or  mechani¬ 
cal  devices.  The  system  consists  of  a  Celestron  20  cm  aperture  telescope  which  focuses  the 
light  from  the  laser  onto  a  VIDEK  camera  CCD  array  as  shown  in  Figure  4.  The  hardware  plat¬ 
form  for  the  system  includes  the  following: 

1.  Celestron  Classic  8  Schmidt  Cassegrain  Telescope 

2.  VIDEK  MEGAPLUS  1024  by  1024  CCD  array  camera 

3.  Digital  Equipment  Corporation  VAXstation  U/GPX  computer  with: 

a)  Dual  RX50  floppy  disk  drive 

b)  TK50  tape  drive 

c)  RD54  159  megabyte  hard  disk  drive 

d)  RD53  71  megabyte  hard  disk  drive 

e)  Univision  Digitizer  /  Display  Controller  (UDC-500Q)  with  an  Intel  82786 
graphics  coprocessor. 

4.  VR290  color  monitor 

5.  LK201  keyboard 

6.  Sampo  high  resolution,  19-inch  monochrome  monitor. 

7.  A  904-nm  center  wavelength,  10-nm  bandpass  interference  filter 
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Figure  4.  ro  Measuring  System 


The  image  of  the  Fourier  transform  of  the  incoming  laser  light  captured  by  the  round  aper¬ 
ture  telescope  (1),  and  CCD  camera  (2)  is  digitized  by  a  Univision  UDC500Q  frame  grabber 
residing  inside  the  MicroVAX  computer  (3).  Horizontal  and  vertical  sync  pulses  are  delivered 
to  the  camera  and  digital  video  is  delivered  to  the  UDC-500Q  controller  via  a  37-pin  D  connec¬ 
tor  mounted  on  the  UDC-500Q.  Images  are  displayed  on  the  high  resolution  Sampo  monitor 
(6)  connected  directly  to  the  UDC-500Q  video  output  connector. 

Some  computer  code  required  by  the  frame  grabber  to  digitize  the  camera  output  and  dis¬ 
play  the  image  was  supplied  by  Univision  as  part  of  the  UDC500  demonstration  package.  Al¬ 
though  several  demo  programs  were  supplied,  the  only  one  required  to  operate  the  camera  was 
UDC500_VAXUTI.EXE.  Upon  execution  of  the  program,  the  input  required  from  the  user  is: 


COMMAND  DESCRIPTION 

C  2  CAMERA  TYPE  SELECTION  (VIDEK) 

T  12  INITIALIZE  82786  BIU  &  DP  REGISTERS 

T  18  GRAB  THE  IMAGE 

T  17  SNAP  AN  IMAGE 

Command  T  18  places  the  UDC500  in  a  continuous  frame  grabbing  mode  with  the  frame  rate 
being  dependent  upon  the  shutter  delay  and  exposure  settings  on  the  rear  of  the  VIDEK  cam¬ 
era.  The  image  output  is  displayed  on  a  Sampo  high  resolution  (1024  by  1024)  monitor.  Execut¬ 
ing  command  T  17  then  freezes  the  image  for  further  processing  such  as  determining  object  size 
and  position  on  the  screen. 

The  Videk  camera  and  UDC500Q  display  controller  were  purchased  as  a  set,  complete  with 
demonstration  software,  from  Univision  Inc.  The  software,  UDC500Q,  and  VIDEK  camera 
displayed  the  images  beautifully  on  the  high  resolution  (1024  by  1024)  monitor.  However,  the 
system  had  one  very  serious  drawback.  It  would  continuously  snap  pictures  frame  after  frame 
without  allowing  for  shutter/exposure  control.  The  camera  itself  has  the  following  modes  of  op¬ 
eration  which  are  switch  selectable  at  the  rear  of  the  camera: 


MODE 

0 

1 

2 

3 

4,5 

6 

7 


DESCRIPTION 

Shutter  closed,  remote  control  of  the  mode  lines 
Shutter  locked  open,  continuous  video  output 
Shutter  locked  open, triggered  internally 
Shutter  locked  open,  manually  triggered 
Continuous  shutter  opening  and  closing 
Shutter  and  exposure  controlled  manually 
Shutter  and  exposure  controlled  by  computer 


Modes  5  and  6  cause  the  camera  to  continuously  snap  pictures  at  the  rate  of  approximately 
two  pictures  per  second.  The  length  of  exposure  can  be  varied  from  14  msec  to  240  msec  using 
the  camera  exposure  adjustment  potentiometer.  When  the  Videk  camera  was  connected  to  the 
UDC500Q  and  the  UDC500_VAXUTI.EXE  program  initiated  with  the  C2  (Videk  camera  se- 
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lection)  and  T  12  and  T  18  commands,  the  camera  would  continuously  snap  pictures  as  though 
it  were  in  mode  5  or  6.  Each  of  the  camera  modes  was  tried  with  the  frame  grabber  and  soft¬ 
ware,  but  the  result  was  always  the  same.  Univision  was  contacted  and  their  only  explanation 
was  that  all  of  their  boards  exhibit  the  same  behavior.  Since  the  fast  drive  times  and  inability  to 
control  the  exposure  did  not  meet  the  requirements  for  the  project,  and  Univision  would  not 
provide  the  source  code  used  to  drive  the  camera,  LCL  personnel  decided  to  diagnose  the  prob¬ 
lem  by  analyzing  the  Videk  camera ,  UDC500,  and  their  specifications. 

The  problem  was  obvious  from  the  start.  The  pinout  assignments  for  the  video  connector  on 
the  back  of  the  Videk  camera,  as  listed  in  Table  2-3  of  the  Videk  Operator  Manual,  did  not  all 
correspond  to  the  pinout  assignments  given  in  paragraph  2.4.3  of  the  UDC500Q  user’s  manual. 
Specifically,  the  Videk  manual  states  that  pin  19  is  the  MC2  control  and  pin  37  is  the  MCI 
control,  and  Univision  switched  them  on  their  output  connector.  This  switch  caused  the  Videk 
camera  to  enter  mode  5  and  continuously  take  pictures.  Although  the  interface  configuration 
could  have  been  intentional  to  allow  the  camera  to  be  turned  on  by  the  software,  but  internally 
self-controlled,  it  was  not  acceptable  for  our  application.  Since  the  camera  was  being  used  to 
monitor  atmospheric  turbulence  under  varying  conditions  of  visibility,  on  a  minute-by-minute 
basis,  the  continuous  picture  taking  state  of  the  camera  was  unacceptable  because  the  time  and 
length  of  exposure  needed  to  be  controlled.  Also,  since  the  shutter  was  only  guaranteed  by 
Videk  to  operate  2,000,000  times,  it  would  potentially  need  replacing  after  each  11.5  days  of 
data  gathering. 

Once  the  cause  of  the  continuous  picture  snapping  was  determined,  there  still  remained  the 
task  of  determining  how  new  software  could  be  written  to  control  the  exposure  of  the  camera. 
By  experimentally  turning  on  different  bits  in  the  UDC500  address  and  monitoring  which  con¬ 
trol  lines  were  affected,  a  method  was  developed  which  allowed  the  MCI  control  line  of  the 
UDC500Q  to  act  as  the  VIDEK  MC2  control  line,  and  the  UDC500Q  MC2  line  to  accomplish 
the  function  of  the  MCI  control  line.  Once  this  was  accomplished,  software  was  written  which 


11 


allowed  the  camera  to  trigger  on  queue  and  the  exposure  to  be  varied  from  the  minimal  allow¬ 
able  exposure  of  the  camera,  14  milliseconds,  to  as  long  as  the  operator  desires. 

Sampling  time  was  another  crucial  consideration  in  the  development  of  the  software  for  the 
system.  Over  exposure  to  the  laser  radiation  caused  blooming  of  the  CCD  array  in  the  vertical 
direction.  This  reduces  the  resolution  and  prevents  measurements  of  the  Airy  disk  diameter  in 
the  vertical  direction  from  being  used  in  the  rG  calculation.  Also,  since  the  intensity  is  non- 
uniformly  distributed  across  the  Airy  disk  as  seen  in  Figure  5,  under  exposure  could  lead  to 
measurement  errors  if  the  diameter  of  the  disk  was  measured  at  the  wrong  intensity  level,  i.e., 
near  the  peak  versus  the  bottom  of  the  irradiance  curve.  Ideally,  the  most  accurate  approach 
would  be  to  measure  the  diameter  of  the  first  zero  in  the  Fourier  transform.  However,  since 
much  of  the  field  sampled  by  the  CCD  array  is  at  least  the  same  intensity  as  the  first  minima  of 
the  diffraction  pattern,  accomplishing  this  would  be  more  time  consuming  and  counterproduc¬ 
tive  than  accepting  a  small  error  and  measuring  the  diameter  of  the  disk  at  an  intensity  just 
above  that  of  the  first  spurious  disk. 


Figure  5.  Intensity  Distribution  of  a  Received  Laser  Signal 
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To  properly  estimate  the  amount  of  time  required  for  the  sample  exposure,  we  developed 
the  software  to  initially  accept  a  guess  from  the  operator  and  then  either  increment  or  decrement 
by  10-millisecond  steps  until  an  acceptable  intensity  level  was  reached.  By  acceptable  intensity 
level,  it  is  meant  that  there  must  be  at  least  1  pixel,  and  not  more  than  100  pixels,  on  the  screen 
that  are  white.  Since  the  UDC500Q  has  the  capability  of  digitizing  the  image  to  256  levels  of 
gray,  with  0  corresponding  to  black  and  255  corresponding  to  white,  the  computer  merely  incre¬ 
ments  until  there  are  enough  pixels  in  the  acceptable  range  of  245  to  255.  Increasing  the  expo¬ 
sure  too  long  can  actually  turn  the  whole  screen  white  causing  measurement  error.  This  is  the 
reason  we  put  a  limit  on  the  number  of  white  pixels  in  the  acceptable  range.  Any  more  than  100 
pixels  means  that  the  CCD  array  is  severely  blooming,  or  the  background  light  is  stronger  than 
the  laser  energy.  In  that  case,  the  computer  resets  the  initial  time  to  100  milliseconds  and  starts 
reincrementing  in  order  to  get  to  the  acceptable  level.  Once  an  acceptable  exposure  is  achieved, 
the  diameter  of  the  Airy  disk  is  measured  just  above  the  first  spurious  disk  at  an  intensity  level 
of  50.  This  is  shown  in  the  computer  generated  gray  scale  Sine  function  graph  of  Figure  6. 


x 

Figure  6.  Gray  Scale  Normalized  Airy  Disk  Intensity  Distribution 


Extremely  turbulent  days  can  cause  blooming  on  one  frame  exposure,  and  an  underexpo- 
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sure  on  the  next  frame.  In  order  to  keep  the  CCD  blooming  to  a  minimum,  the  vertical  diameter 
of  the  Airy  disk  is  compared  to  the  horizontal  diameter.  If  the  vertical  diameter  exceeds  the 
horizontal  diameter  by  more  than  5  pixels,  the  software  decrements  the  exposure  time  by  5  mil¬ 
liseconds  after  the  third  consecutive  reading  reporting  the  vertical  diameter  is  out  of  range. 
Since  underexposure  causes  the  diameter  of  the  disk  to  be  measured  too  close  to  the  top  of  the 
curve,  the  same  method  was  used.  If  three  consecutive  measurements  are  made  in  which  there 
are  no  pixels  in  the  white  range  (245-255),  the  exposure  is  incremented  by  10  milliseconds. 
Three  consecutive  bad  readings  were  determined  by  experimentation  to  provide  an  optimal 
amount  of  time  to  determine  if  the  exposure  really  needed  to  be  changed  or  not.  Less  than  three 
causes  the  system  to  bounce  back  and  forth  between  exposure  levels  causing  an  unacceptable 
number  of  bad  readings. 

3.2  Communications  Equipment 

The  equipment  used  for  the  data  communications  portion  of  the  project  consisted  of  an  off- 
the-shelf  laser  transmitter,  an  in-house  built  receiver  and  off-the-shelf  pattern  generator/error 
detector  equipment  for  measuring  the  quality  of  the  communications  link. 

3.2.1  Transmitter 

The  laser  *ransmitter  is  a  Laser  Diode,  Inc.  LT-201  capable  of  100  watts  peak  optical  out¬ 
put  power,  but  was  operated  at  20  watts  peak  for  this  experiment.  It  operates  at  a  room  tempera¬ 
ture  wavelength  of  904  nanometers  and  a  beam  divergence  of  1  milliradian.  The  transmitter  is 
edge  triggered  by  the  return  to  zero  TTL  output  of  a  bit  error  rate  encoder  operating  at  a  clock 
frequency  of  10-kHz  and  emits  a  40-nanosecond  pulse  for  each  positive  transition  of  the  data 
input  signal.  A  Hewlett  Packard  (HP)  H96  5245L  Electronic  Counter  slaved  to  an  Arbiter  Sys¬ 
tems  Satellite  Controlled  Clock  provided  the  10-kHz  synchronized  clock.  The  maximum  pulse 
repetition  frequency  of  the  LT-201  has  been  determined  by  laboratory  experimentation  to  be 
16,800  pulses  per  second.  Technical  specifications  for  the  LT-201,  as  well  as  other  major 


equipment  used  for  the  receiver  and  r0  measurement  system  are  provided  in  the  Appendix. 

3.2.2  Receiver 

The  laser  receiver  was  designed  and  built  in-house.  It  consists  of  Celestron  90mm  Maksutov 
Cassegrain  spotter  scope(l),  depicted  in  Figure  7,  adapted  to  focus  the  incoming  laser  radiation 
onto  a  silicon  photodiode(2),  housed  with  a  10  nm  bandpass  filter(3)  in  a  Melles  Griot  modular 
photodetection  system(4).  A  Melles  Griot  13AMP005  Wide  Bandwidth  Detector  Amplifier(5) 
supplies  current  to  the  detector  and  acts  as  the  first  stage  amplifier.  The  signal  is  then  amplified 
by  a  Stanford  Research  Systems  Model  SR560  low  noise  amplifier(6),  which  supplies  the 
needed  gain  and  electronic  filtering.  The  resulting  40-microsecond  Gaussian  shaped  pulses  are 
converted  into  TTL  level  square  pulses  with  a  Tektronix  FG507  function  generator(7)  and  sub¬ 
sequently  fed  into  an  HP  3780A  Bit  Error  Rate  Tester  (8)  for  analysis.  A  Hewlett  Packard  crys¬ 
tal  controlled  counter  (9),  slaved  to  an  Arbiter  Systems  Inc.  1026B  Satellite  controlled 
clock(iuj,  provided  the  10,000  Hz  needed  by  the  BERTs  for  the  sychronous  data  stream. 
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Figure  7.  Laser  Communications  Receiver  Equipment 


4  Bit  Error  Rate  Testing 

Two  HP  3780A  Pattern  Generator  /  Error  Detectors  were  used  to  measure  the  quality  of  the 
communications  link.  One  HP  3780A  was  interfaced  with  the  LT-201  laser  transmitter  at  the 
Trebein  Test  Site  and  the  second  HP  3780A  was  interfaced  with  the  in-house  built  receiver  in 
the  LCL  as  seen  in  Figure  7.  Since  the  LT-201  laser  transmitter  is  edge  triggered  from  the  lead¬ 
ing  edge  of  a  lTL  pulse,  the  interface  for  the  transmitter  was  fairly  straightforward  since  the 
data  output  of  the  HP  3780A  can  be  configured  to  provide  a  Return  to  Zero,  (RZ),  TTL  data 
format.  One  problem  which  needed  to  be  overcome,  however,  was  that  the  internal  clock  rate 
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of  the  HP  3780A  is  10  Mega  pulses  per  second.  This  greatly  exceeds  the  maximum  transmis¬ 
sion  rate  of  LT-201  laser  transmitter  16.8  Kilo  pulses  per  second.  To  conquer  this  situation,  the 
10-kHz  output  of  an  Hp  crystal  controlled  clock  was  connected  to  the  external  clock  inputs  of 
the  HP  3780A  at  both  the  transmitter  and  receiver  ends  of  the  link. 

Once  the  output  of  the  receiver  was  interfaced  with  the  the  HP  3780A  in  the  LCL,  and  the 
system  was  turned  on,  it  became  evident  that  there  were  still  a  few  more  problems  to  be  solved. 
Since  the  clock  of  the  system  was  now  decreased  to  0.001  of  the  internal  clock  speed  of  the  HP 
3780A,  it  took  1000  times  longer  to  update  the  BER  information  on  the  read-out,  or  1  minute 
and  40  seconds.  On  calm,  nonturbulent  days  with  the  diffraction  limited  aperture  of  the  atmos¬ 
phere  approaching  the  diameter  of  the  telescope,  the  BERT  would  sync  almost  long  enough  to 
provide  a  reading  and  then  give  a  SYNC  LOSS  signal.  After  a  comparison  was  accomplished 
on  the  two  external  clocks,  it  was  discovered  that  one  clock  differed  from  the  other  by  1  clock 
pulse  every  1  minute  and  30  seconds.  From  this,  it  was  determined  that  there  was  no  possible 
way  of  conducting  the  BER  test  without  synchronizing  the  clocks  more  thoroughly  at  each  end 
of  the  link. 

Since  we  were  unable  to  get  2  cesium  standards  for  use  to  synchronize  the  transmitter  to  the 
receiver,  a  different  approach  was  taken.  Two  Arbiter  Systems  Inc.  1026B  Satellite  Controlled 
Clocks  were  set  up,  in  the  LCL  and  Trebein  Test  Site,  to  receive  the  satellite-disseminated  time 
code  from  a  National  Bureau  of  Standards  Geostationary  Operational  Environmental  Satellite 
(GOES).  Since  the  time  code  is  transmitted  once  every  half-second,  the  1  MHz  clock  output  has 

n 

an  accuracy  of  1  in  10  ,  This  helped  tremendously.  The  transmitter  and  receiver  BERTs  syn¬ 
chronized  and  the  BER  data  collection  process  started. 

After  all  of  the  equipment  induced  problems  had  been  solved  and  the  data  collection  process 
started,  there  remained  one  last  challenge,  the  atmosphere.  Scintillation  caused  by  the  random 
movement  of  the  eddies  in  the  atmosphere  cause  the  input  signal  at  the  receiver  to  vary  in  am- 
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plitude  from  a  constant  peak  amplitude  as  shown  in  Figure  8a  to  that  in  Figure  8b. 


Figure  8  a)  Transmitted  Laser  Communications  Signal,  b)  Received  Communications 
Signal  With  Scintillation  Effects 

The  challenge  then  becomes  one  of  scintillation  induced  frequency  jitter.  At  the  receiver, 
the  received  40-microsecond  pulses  are  converted  back  into  5-volt  TTL  compatible  pulses  by 
using  a  function  generator.  After  the  received  signal  has  been  amplified  and  filtered  by  a 


Stanford  Research  Systems  model  SR560  Low  Noise  Preamplifier,  it  is  fed  into  the  trigger  in¬ 
put  of  the  function  generator  where  the  leading  edge  of  the  pulse  causes  the  function  generator 
to  output  one  TTL  compatible  pulse  of  preset  duration  for  every  Gaussian  shaped  pulse  of  a 
certain  preset  minimum  amplitude  at  the  input.  Since  the  amplitude  of  the  input  pulses  are  not 
constant  and  have  a  certain  amount  of  rise  and  fall  time,  and  the  voltage  at  which  the  function 
generator  is  set  to  trigger  is  constant,  triggering  is  accomplished  at  different  relative  amplitude 
levels  for  each  input  pulse.  For  instance,  a  pulse  that  has  made  it  through  the  atmosphere  with 
minimal  scintillation  effect  might  appear  such  as  pulse  PI  in  Figure  9  and  key  the  transmitter  at 
time  tl,  or  50  percent  of  its  maximum  amplitude.  On  the  other  extreme,  a  pulse  that  is  severely 
hampered  by  scintillation  may  not  even  trigger  the  function  generator  until  it  has  almost 
reached  its  maximum  amplitude,  such  as  pulse  P2,  at  time  t2.  The  net  result  is  a  TTL  output 
with  a  random  time  interval  between  pulses.  Since  the  transmit  BERT  is  synchronized  with  the 
receive  BERT,  the  receive  BERT  expects  to  see  pulses  at  a  certain  time  with  very  little  vari¬ 
ance.  If  this  time  interval  varies  by  too  much,  the  receive  BERT  gets  confused  as  to  which  pulse 
it  is  trying  to  read,  and  eventually  gives  up  and  dumps  its  data  and  starts  a  new  cycle. 
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Pulse-to- pulse  timing  variations  as  large  as  30  microseconds,  corresponding  to  intensity 
fades  as  large  as  36  dB,  were  observed  during  the  data  collection  process.  In  order  to  get  the 
BERT  to  collect  data,  a  great  deal  of  tweaking  of  the  amplifier  gain  and  function  generator  trig¬ 
ger  level  was  required  to  find  an  acceptable  level  which  resulted  in  minimal  pulse-to-pulse  time 
variations.  An  amplifier  with  automatic  gain  control  to  level  out  the  fades  and  provide  a  con¬ 
stant  signal  amplitude  would  have  been  extremely  useful  on  this  project.  A  function  generator 
which  triggered  at  the  peak  amplitude  could  have  been  equally  as  effective.  Unfortunately,  we 
were  unable  to  locate  such  devices,  so  we  accomplished  as  much  data  collection  as  possible. 
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5  Data 


Meteorological,  BER,  and  r0  data  were  collected  around  the  clock  from  15  June  1992  to 
21  June  1992,  barring  occasional  outages  due  to  inclement  weather.  The  observation  rates 
among  the  different  types  of  data  differ  because  of  equipment  limitations,  so  extra  care  was  re¬ 
quired  during  the  evaluation  phase.  Since  the  BER  data  were  limited  to  the  1 -minute  40-second 
output  cycle  of  the  BERT,  and  the  r0data  collection  rate  of  an  average  of  one  sample  every  9.5 
seconds  was  dependent  upon  the  run  time  of  the  computer  algorithm,  more  r0  data  were  col¬ 
lected  than  BER  data.  To  ensure  that  the  BER  data  corresponded  to  rDdata  collected  during  the 
same  time  interval,  all  the  r0data  collected  during  each  BERT  cycle  were  averaged.  Since  mete¬ 
orological  data  were  collected  at  1-  minute  intervals,  and  it  did  not  vary  nearly  as  much  as  the  r0 
and  BER  data,  the  values  for  temperature,  relative  humidity  and  atmospheric  pressure  were  cho¬ 
sen  to  correspond  to  the  time  at  which  the  BERT  had  completed  approximately  half  of  its  cycle. 

Visibility  was  a  particular  concern  because  some  of  the  problems  were  man-made  and  could 
not  be  explained  as  easily  as  relative  humidity  variations.  After  designing  and  building  the  re¬ 
ceiver  and  rQ  measurement  system,  setting  up  the  communications  link,  and  solving  the  BER 
equipment  synchronizing  problem,  we  were  ready  to  collect  data.  The  very  day  we  began  col¬ 
lecting  data,  a  contractor  broke  ground  to  build  a  new  department  store  right  under  our  commu¬ 
nications  link.  The  amount  of  dust  placed  in  the  atmosphere  between  the  transmitter  and  re¬ 
ceiver  sites  was  unbelievable.  During  the  hours  the  contractor  was  working,  th<*  visibility  de¬ 
creased  from  beyond  7  to  less  than  5  miles,  and  the  exposure  length  of  the  rD  measurement  sys¬ 
tem  increased  from  250  milliseconds  to  greater  than  2  seconds.  Correlation  of  the  r0  data  with 
BER  data  over  a  whole  day  gave  some  very  depressing  results.  For  the  19th  of  June,  the  corte- 
lation  coefficient  r  was  only  0.189  which  resulted  in  a  coefficient  of  determination,  r2,  of  only 
0.03576.  However,  since  so  much  data  existed  over  the  7-day  collection,  it  was  decided  to  use 
only  that  data  collected  between  the  hours  of  8  P.M.  and  8  A.M.  which  corresponded  to  a  visi¬ 
bility  of  at  least  7  miles,  in  order  to  isolate  the  r0  effects  on  BER  from  the  effects  of  visibility 
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on  BER.  The  following  sections  detail  the  type  of  data  collected,  the  correlation  process  and  the 
results. 

5.1  r0  Data 

The  rate  at  which  r0  data  was  collected  is  a  function  of  the  amount  of  time  it  takes  for  the 
computer  algorithm  to  snap  an  image  using  the  camera,  collect  and  analyze  the  data,  and  log  the 
data  to  the  hard  drive.  The  data  collection  portion  of  the  algorithm  is  highly  dependent  upon  the 
visibility  of  the  atmosphere  which  causes  a  longer  exposure  length  for  decreased  visibility.  The 
result  is  observations  which  vary  in  time  from  one  every  8  seconds  to  one  every  1 1  seconds  for 
exposure  lengths  of  20  milliseconds  to  1  second,  respectively.  Approximately  60,480  rG  data 
points  were  collected  during  the  week. 

The  collected  data  are  logged  directly  to  the  computer  hard  disk  in  ASCII  format.  It  con¬ 
tains  information  on  the  horizontal  and  vertical  size,  exposure  length  pixel  location  information 
for  the  right  most  and  bottom  most  pixels.  Table  5-1  is  an  example  of  the  collected  data  format. 
The  r0data  are  available  directly  from  the  data  base  as  seen  in  Table  5-1,  and  it  is  also  printed  to 
the  computer  monitor  after  each  sample.  Angle-of-anival  information  is  stored  in  pixel  location 
format  to  allow  for  a  post  data  collection  qualitative  analysis  of  the  condition  of  the  r0  measure¬ 
ment  system  during  the  data  collection  phase.  The  horizontal  and  vertical  angle-of-anival 
(HAOA  and  VAOA)  of  the  incident  radiation,  relative  to  the  direction  the  optical  receiver  is 
pointed,  can  be  determined  via  the  following  relationship: 

HAOA  =  Optical  FOV  *  (Right  Pixel  -  Horizontal  Diameter  /  2)/1023  5- 1 

VAOA  =  Optical  FOV  *  (Bottom  Pixel  -  Vertical  Diameter  /  2)/1023  5-2 
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Table  5-1  Example  Output  Data  From  the  rQ  Measurement  System 


Time 

(H:M:S) 

Diameter 

Horizontal 

(cm) 

Diameter 

Vertical 

(cm) 

Exposure 

(msec) 

Right 

Pixel 

Bottom 

pixel 

(cm) 

.. 

12:22:33 

22 

16 

150 

488 

501 

2.948877 

12:22:44 

28 

19 

150 

481 

517 

2.316975 

12:22:54 

22 

18 

150 

484 

503 

2.948877 

12:23:05 

22 

24 

150 

486 

511 

2.948877 

12:23:16 

16 

18 

150 

488 

507 

4.054706 

12:23:27 

23 

21 

150 

491 

505 

2.820665 

12:23:38 

21 

17 

150 

483 

506 

3.089300 

12:23:49 

22 

17 

150 

486 

497 

2.948877 

12:23:59 

20 

21 

150 

483 

508 

3.243765 

12:24:10 

14 

12 

150 

483 

501 

4.633950 

12:24:21 

21 

18 

150 

488 

500 

3.089300 

12:24:32 

18 

14 

150 

486 

502 

3.604183 

12:24:43 

21 

14 

160 

483 

-i 

504 

3.089300 

12:24:54 

20 

18 

160 

489 

505 

3.243765 

12:25:04 

20 

16 

160 

484 

502 

3.243765 

12:25:15 

22 

19 

160 

482 

503 

2.948877 

12:25:26 

20 

21 

160 

483 

504 

3.243765 

12:25:37 

13 

11 

160 

479 

505 

4.990407 

12:25:48 

21 

24 

170 

489 

509 

3.089300 

5.2  BER  Data 

Because  of  the  reduced  clock  rate  mentioned  in  Section  4  above,  BER  data  were  collected  at 
a  rate  of  one  sample  every  1  minute,  40  seconds  and  resulted  in  6,048  data  points  over  the  7-day 
collection  period.  The  largest  impediment  against  the  successful  collection  of  BER  data  was 
that  of  synchronizing  the  transmitter  to  the  receiver.  After  that  problem  was  solved,  the  data 
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collection  process  was  dependent  upon  visibility,  scintillation,  and  aerosol  scattering.  There  was 
no  special  format  used  for  the  data  logging  process.  An  HP  printer  was  connected  to  the  printer 
port  of  the  BERT  and  the  BER  and  time  were  printed  at  the  end  of  each  cycle.  The  data  were 
then  manually  entered  into  a  computer  spreadsheet  for  analysis. 

5.3  Meteorological  Data 

Relative  humidity,  temperature  and  atmospheric  pressure  data  were  collected  at  the  rate  of 
one  sample  per  minute  over  the  testing  period  resulting  in  another  30,240  data  points.  The  data 
samples,  collected  by  sensors  located  outside  the  LCL,  are  digitized  using  a  Qualemetrics 
QDL2000  Data  Logger  and  stored  on  the  hard  disk  of  an  IBM  compatible  Personal  Computer 
(PC)  in  ASCII  format.  Table  5-2  is  an  example  of  the  data  format. 


Table  5-2.  Example  Format  of  Collected  Meteorological  Data 


Station  # 

Battery 

Voltage 

(volts) 

Time 

(H:M:S) 

Temperature 
(degrees  F) 

%  Relative 
Humidity 

Atmospheric 
Pressure 
(inches  Hg) 

99 

014.6 

09:20:00 

83.25 

80.25 

29.10 

99 

014.7 

09:21:00 

83.27 

81.21 

29.12 

99 

014.8 

09:22:00 

83.28 

80.87 

29.11 

99 

014.6 

09:23:00 

83.31 

80.58 

29.11 

99 

014.4 

09:24:00 

83.29 

81.03 

29.13 

99 

014.5 

09:25:00 

83.30 

81.00 

29.12 

99 

014.6 

09:26:00 

83.28 

80.63 

29.13 

In  addition  to  the  meteorological  data  collected  in  the  LCL,  the  base  provided  hourly  obser¬ 
vations  of  wet  and  dry  bulb  temperatures,  wind  speed  and  visibility.  The  observations  were 
taken  approximately  1  mile  east  of  the  laser  communications  link  and  do  not  totally  reflect  the 
meteorological  conditions  along  the  communications  path.  However,  they  do  provide  a  rough 
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indication  of  the  conditions  present  during  the  data  collection  process. 


5.4  Data  Analysis 

Because  the  results  of  evaluating  a  whole  day’s  worth  of  data  in  one  analysis  led  to  such  a 
low  coefficient  of  determination,  these  data  were  first  averaged  over  the  hour  it  was  collected  to 
provide  a  grand  mean  by  hour  to  allow  for  some  data  snooping  to  uncover  gross  inconsisten¬ 
cies.  One  of  the  major  problems  discovered  during  the  analysis  process  involves  angle-of- 
arrival  changes  of  the  incident  laser  radiation.  Since  the  rQ  measurement  system  we  developed 
was  given  the  ability  to  track  the  position  of  the  focused  light  on  the  COD  detector,  it  was  a 
fairly  simple  task  to  correlate  BER  data  with  focused  light  position  data.  Figure  10  is  a  plot  of 
horizontal  location  of  the  focused  light  on  the  CCD  camera  detector  versus  the  hour  of  the  day, 
and  Figure  1 1  is  a  plot  of  BER  versus  hour  of  the  day  for  19  June  1992.  The  resultant  correla¬ 
tion  coefficients,  r,  and  coefficients  of  determination,  r2,  are  tabulated  in  Table  5-3. 


time 

Figure  10.  Horizontal  Location  of  the  Focused  Spot  on  the  CCD  (pixels)  vs.  Time  (EST) 
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Table  5-3  BER  versus  Source  Correlation  Coefficients  for  19  June  1992  Average 
Hourly  Observations 


source 

r 

r2 

vertical  location 

-0.3339 

0.1115 

horizontal  location 

-0.6048 

0.3657 

ro 

0.1891 

0.0358 

visibility 

-0.6316 

0.3989 

exposure  length 

0.5698 

0.3247 

Temperature 

0.7194 

0.5173 

Almost  37  percent  of  the  variability  can  be  explained  by  the  horizontal  location  of  the  fo¬ 
cused  spot  on  the  CCD  camera  detector.  What  appears  to  be  happening  is  the  wave  front  of  the 


26 


THIS 

PAGE 

IS 

MISSING 

IN 

ORIGINAL 

DOCUMENT 


Figure  13.  Exposure  Length  (miliseconds)  vs.  Time  (EST)  for  19  June  1992 


With  two  of  the  largest  sources  of  variation  in  BER  explained,  it  was  decided  to  look  at 
the  data  only  between  the  hours  of  8  P.M.  and  6  A.M.  Eastern  Standard  Time  (EST)  since  those 
were  the  hours  least  affected  by  platform  movement/angle-of-arrival  changes.  In  addition,  the 
data  for  this  period  were  filtered  to  eliminate  all  data  corresponding  to  an  exposure  length 
greater  than  150  milliseconds  which  relates  to  a  visibility  of  less  than  7  miles.  After  the  filtering 
process,  the  rG  data  were  averaged  over  the  1 -minute  40-second  BERT  cycles  and  correlated 
over  various  finite  periods.  The  results  ranged  from  uncorrelated  data  to  several  periods  where 
the  coefficients  of  determination  exceeded  0.4  with  a  minimum  of  28  degrees  of  freedom.  The 
best  correlation  coefficient  achieved  during  the  testing  was  -0.70538  with  27  degrees  of  free¬ 
dom  and  a  corresponding  coefficient  of  determination  of  0.4978,  indicating  that  as  much  as 
49.78  percent  of  the  variance  in  BER  was  attributed  to  the  r0for  that  period. 
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6  Observations  and  Conclusions 

The  data  we  obtained  contain  some  very  interesting  observations  which  should  be  taken  into 
consideration  by  laser  communications  developers.  Most  of  the  time,  the  data  collected  behaved 
as  one  might  think  it  should.  An  increase  in  rQ  would  cause  an  increase  in  the  quality  of  the 
received  signal,  and  there  would  be  a  corresponding  low  BER.  However,  there  were  also  cases 
contrary  to  this.  On  several  occasions,  the  BER  actually  went  up  (signal  quality  went  down) 
with  increasing  rG.  The  explanation  for  this  behavior  involves  the  situation  of  platform  move¬ 
ment.  An  optimum  signal  is  achieved  when  the  size  of  the  Airy  disk  is  equal  to  or  less  than  the 
active  area  of  the  detector  as  depicted  in  Figure  14a.  A  decrease  in  rD  will  cause  an  increase  in 
the  size  of  the  Airy  disk  and  eventually  some  of  the  energy  contained  in  the  received  signal  is 
focused  outside  the  active  region  of  the  detector  as  in  Figure  14b.  This  causes  a  corresponding 
increase  in  the  BER  as  would  be  expected.  Figures  14c  and  14d  help  explain  the  case  for  de¬ 
creasing  BER  with  decreasing  rc.  If  the  Airy  disk  is  located  off  the  active  area  of  the  detector 
near  the  edge,  as  in  Figure  14c,  during  a  period  of  large  r0,  there  will  be  either  no  signal  or  a 
very  large  BER  because  only  some  of  the  energy  is  being  detected.  As  the  size  of  the  Airy  disk 
increases  due  to  decreasing  r  part  of  the  energy  is  seen  by  the  detector  as  in  Figure  14d  and  a 
corresponding  drop  in  BER  takes  place. 


□ 


©  □>  ED 

bed 


Figure  14.  Positioning  of  a  Round  Airy  Disk  on  a  Square  Detector 


The  reason  for  the  Airy  disk  being  located  outside  the  active  detector  region,  as  in  Figure 
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14c,  can  be  threefold.  First,  it  can  be  a  simple  act  of  misalignment,  by  the  operator.  Since  a 
great  deal  of  care  was  taken  in  setting  up  the  experiment  to  ensure  a  minimum  BER  and  maxi¬ 
mum  signal-to-noise  ratio  at  the  receiver,  the  only  reason  for  misalignment  would  be  due  to 
platform  movement  or  atmospheric  turbulence  induced  beam  wander.  The  net  result  of  the  at¬ 
mospheric  turbulence  and  platform  induced  angle-of-arrival  deviations  determines  the  location 
of  the  Airy  disk  on  (or  off)  the  detector.  We  know  these  angle-of-arrival  deviations  are  happen¬ 
ing  because  when  our  r0  measurement  system  was  developed,  we  not  only  gave  it  the  ability  to 
measure  the  diameter  of  the  Airy  disk,  we  also  gave  it  the  ability  to  keep  track  of  where  the  disk 
is  located  on  the  CCD  array  and  thus  the  ability  to  determine  the  angle-of-arrival  of  the  incident 
radiation.  Because  of  this  ability,  we  have  measured  variations  in  angle  of  arrival  as  great  as 
0.15  degrees  over  a  24-hour  period.  This  corresponds  to  a  dislocation  along  the  focal  plane  of 
approximately  250  pixels,  or  1 .7  millimeters  over  that  period.  Fifteen  hundredths  of  a  degree 
doesn’t  sound  like  much  until  you  consider  that  the  field-of-view  of  the  telescope  used  to  meas¬ 
ure  the  rc  is  only  0.6  degrees  to  begin  with  and  the  active  area  of  the  detector  used  for  the  com¬ 
munications  receiver  only  has  an  active  area  diameter  of  2  mm.  Thus,  if  the  alignment  was  in¬ 
itially  set  so  that  the  Airy  disk  was  in  the  center  of  the  detector,  it  wouldn’t  be  long  before  the 
energy  of  the  incident  radiation  was  escaping  detection. 

At  this  point,  one  might  ask  "Why  not  use  a  detector  which  has  an  active  area  large  enough 
so  that  the  system  will  work  under  all  sizes  of  rD  and  the  full  field-of-view  of  the  optical  system 
used  to  capture  the  incident  radiation?"  The  answer  is  that  as  the  area  of  the  photodiode  in¬ 
creases,  so  does  the  junction  capacitance  and  the  rise  and  fall  times  (diode  speed  decreases)  and 
it  becomes  more  susceptible  to  background  noise.  We  initially  used  a  photodiode  with  a  17mm 
diameter  active  region  and  the  signal  jitter  was  so  great  that  the  BERT  would  not  sync  to  the 
signal  except  under  nonturbulent  conditions. 

Visibility  and  platform  movement  are  two  factors  that  influence  the  BER  extensively  which 
cannot  be  ignored.  Any  airborne  laser  communication  system  will  have  to  employ  a  built-in  ac- 
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quisition  and  tracking  system  so  the  problems  encountered  with  platform  movement  are  not  a 
factor.  On  the  other  hand,  visibility,  as  determined  by  length  of  exposure,  is  a  factor  which  is 
dependent  upon  the  aerosols  present  along  the  communications  path,  the  length  of  the  path  and 
divergence  of  the  beam,  and  the  amount  of  atmospheric  turbulence  present.  The  aerosols  scatter 
and  absorb  the  photons,  and  the  atmospheric  turbulence  through  the  rG  defocuses  the  energy 
available  at  the  detector,  causing  signal  loss.  Since  the  amount  of  time  that  our  system  requires 
to  make  an  exposure  is  related  to  the  amount  of  energy  falling  on  the  detector,  it  can  be  used  to 
determine  the  visibility  in  a  nonturbulent  environment.  However,  in  a  turbulent  environment, 
the  amount  of  time  required  to  make  an  exposure  is  dependent  not  only  on  the  amount  of  en¬ 
ergy  present  at  the  detector,  but  also  the  size  of  the  resultant  Airy  disk.  Therefore,  in  order  to 
properly  use  the  system  as  a  device  to  measure  the  visibility,  it  would  either  have  to  be  cali¬ 
brated  for  use  with  a  particular  set  of  rQ  values,  or  a  model  relating  ro  and  length  of  exposure  to 
visibility  would  need  to  be  developed.  It  does  not  appear  as  though  r0or  visibility  by  themselves 
would  make  suitable  single  point  predictors  for  determining  the  optimum  communications  pa¬ 
rameters  to  be  used  for  a  minimum  BER.  However,  length  of  exposure  and  r0  could  potentially 
provide  as  much  information  as  needed  to  make  an  intelligent  decision  as  to  the  best  parameters 
to  use. 

Although  the  MicroVAX  graphics  workstation  with  a  VMS  operating  system  and  DEC  win¬ 
dows  is  very  user  friendly,  it  is  too  large  and  too  slow  to  meet  the  needs  of  a  laser  communica¬ 
tions  acquisition  and  tracking  system.  Personal  computers  (PC)  have  evolved  to  the  point  where 
they  are  fast  (>50  MHz)  and  laptop  computers  are  available  with  Liquid  Crystal  Displays 
(LCD)  displays  that  have  a  high  resolution  640  by  480  pixel  capability.  In  addition,  the  newer 
laptops  have  expansion  ports  which  will  accept  analog  or  digital  frame  grabbers.  This  will  al¬ 
low  a  much  smaller,  less  expensive,  faster,  dedicated  system  to  be  put  together.  The  high  reso¬ 
lution  video  monitor  is  only  required  for  the  operator  to  provide  a  visual  indication  of  the  proc¬ 
ess.  In  an  automated  operational  system,  the  monitor  and  hard  disk  logging  could  be  eliminated 
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reducing  the  amotant  of  software  and  time  required  to  take  a  sample  and  make  a  decision,  as 
well  as  reduce  the  size  and  weight  of  the  system. 
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7  Future  LCL  Efforts 


The  algorithm  which  has  been  developed  during  this  program  to  measure  the  diffraction 
limited  aperture  of  the  atmosphere  can  be  expanded  to  control  the  communications  process. 
With  suitable  interfaces,  the  computer  can  control  the  amount  of  gain  supplied  by  the  amplifier, 
the  transmit  power  and  beam  divergence,  data  rate,  and  encoding.  It  could,  if  the  system  de¬ 
signer  so  desired,  even  be  used  to  control  the  size  of  the  aperture  on  variable  aperture  systems. 
Since  it  is  more  than  likely  that  a  CCD  or  CID  array  will  be  used  in  the  acquisition  and  tracking 
process  anyway,  there  is  no  reason  why  the  acquisition  and  tracking  algorithm  couldn’t  be  pan 
of  the  algorithm  that  measures  the  r0  and  apparent  visibility,  sharing  the  same  computer  re¬ 
sources.  The  result  will  be  a  computer  based  system  which  will  monitor  atmospheric  turbu¬ 
lence,  available  energy,  and  tracking,  and  make  adjustments  as  necessary  to  ensure  optimum 
communications  through  a  turbulent  atmospheric  environment. 

Future  in-house  efforts  in  the  LCL  will  incorporate  the  use  of  the  system  we  developed  to 
study/develop  CCD  based  acquisition  and  tracking  systems  and  adaptive  laser  communications 
systems.  Plans  are  also  under  way  to  attack  the  received  signal  problem  associated  with  scintil¬ 
lation  to  reduce/delete  the  frequency  jitter  in  pulsed  laser  communications  systems. 
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8  Summary 

We  set  out  in  this  project  to  develop  a  system  which  would  be  capable  of  monitoring  the 
diffraction  limited  aperture  of  the  atmosphere  in  the  hope  that  we  would  some  day  be  able  to 
expand  the  system  into  an  automated  adaptive  system  which  would  sample  the  atmosphere  and 
allow  the  computer  to  make  an  intelligent  decision  as  to  what  the  best  modulation  rate  would  be 
for  an  optimum  communication  channel.  What  we  achieved  is  a  system  that  is  capable  of  meas¬ 
uring  the  r0  and  the  angle-of-arrival  of  the  incident  radiation  and  provide  an  indication  of  the 
visibility/incident  energy.  The  best  correlation  coefficient  of  BER  to  r0  achieved  during  the  test 
period  was  -0.68616  which  means  that  more  than  47%  of  the  BER  variance  can  be  attributed  to 
changes  in  the  diffraction  limited  aperture  of  the  atmosphere  for  our  home-made  laser  commu¬ 
nications  system. 

The  UDC-500Q  with  a  digital  capability  was  the  only  frame  grabber  used  for  this  project. 
The  VIDEK  camera  mentioned  above  has  a  digital  output  which  connects  directly  to  the 
VIDEK  input  of  the T  JDC-500Q.  Each  frame  is  captured  and  displayed  completely.  The  UDC- 
500Q  also  requires  a  separate  monitor  for  displaying  the  image.  This  is  quite  inconvenient 
when  space  is  lacking.  A  better  approach  would  be  to  use  a  frame  grabber  that  uses  the  com¬ 
puter  monitor  for  display. 

We  have  attempted  during  this  program  to  ascertain  how  free  space  laser  communications 
using  direct  photodetection  is  affected  by  the  presence  of  atmospheric  turbulence,  and  the  con¬ 
sequences  of  a  small  rQ  and  boundary  layers  in  the  atmosphere.  By  doing  this,  we  hope  to  be 
able  to  gather  enough  insight  into  the  problems  of  direct  photodetection  free  space  laser  com¬ 
munications  to  develop  an  automated  system  which  can  adapt  itself  to  obtain  an  optimum  link 
in  the  presence  of  atmospheric  turbulence.  The  data  collected  thus  far  clearly  show  that  there 
are  forces  at  work  in  the  atmosphere  which  cannot  be  ignored.  From  this,  it  is  obvious  that  a 
good  laser  communications  system  design  depends  not  only  on  the  diffraction  limit  of  the  optics 
used  to  focus  the  signal  on  to  the  detector,  but  also  takes  into  account  the  diffraction  limit  of  the 
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Appendix  Equipment  Specifications 
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Low  Noise  Preamplifier 

Model  SR560  -  DC  to  1  MHz  Voltage  Preamplifier 


4  nVNHz  Input  Noise 
1  MHz  Bandwidth 
Variable  Gain  from  1  to  50,000 
AC  or  DC  Coupled 

True  Differential  Or  Single-ended  input 


•  lOOdBCMRR 

•  Two  Configurable  Signal  Filters 

•  Selectable  Gain  Allocation 

•  Line  or  Battery  Operation 

•  RS-232  interface 


SR560  Overview 


! 


The  SR560  is  a  high  performance,  low  noise,  general 
purpose  preamplifier.  With  an  input  noise  of  only 
4  nV/vHz.  a  1  MHz  bandwidth,  and  a  gain  of  up  to 
50.000.  the  SR560  is  ideal  for  a  wide  variety  of 
applications  including  low  temperature  measurements, 
optical  detection,  and  audio  engineering. 


Signal  Filters 


Two  configurable  filters  condition  signals  at  frequencies 
from  DC  to  1  MHz.  Choose  flat,  lowpass.  bandpass,  or 
highpass  filtering  to  attenuate  unwanted  interference. 
Selectable  gain  allocation  lets  you  further  optimize  per¬ 
formance  for  low  noise  or  high  dynamic  reserve. 


Inteillgent  Design 

The  microprocessor  that  runs  the  SR560  is  "asleep" 
except  dunng  the  brief  interval  it  takes  to  change  the 


instrument's  setup.  This  ensures  that  no  digital  hash  will 
contaminate  your  low-level  analog  signals.  You  can 
change  settings  from  the  front  panel  or  via  the  standard 
RS-232  interface.  The  RS-232  interface  allows  a  single 
computer  to  control  up  to  four  SR560s.  The  RS-232 
interface  is  optoisolated  to  further  isolate  the  analog  cir¬ 
cuitry  from  any  source  of  digital  noise. 

Une  or  Battery  Operation 

For  complete  isolation  from  the  power  line,  the  SR560 
may  be  operated  from  its  internal  batteries  for  up  to  15 
hours.  The  battery  voltage  is  regulated  to  ensure  that 
amplifier  performance  is  never  degraded  as  the  batter¬ 
ies  discharge.  Internal  recharging  circuits  always  main¬ 
tain  a  fully  charged  battery  when  the  unit  is  plugged  into 
the  line  and  automatic  discharge  detection  circuitry  pre¬ 
vents  battery  damage  when  the  unit  is  left  on  with  the 
batteries. 
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LT-201 


PULSED  LASER  TRANSMITTER 


*  TOO  Watts  Peak  Optical  Power 

*  904nm  Wavelength 

*  Beam  Divergence  Imr 

*  Operation  up  to  lOKHz 

*  Custom  Units  Available 

The  LT-201  pulsed  laser  transmitter  is  intena.d  to 
transmit  short  laser  pulses  through  the  atmosphere. 

This  unit  is  well  collimated  and  has  a  minimum  optical 
output  of  100  Watts.  Utilizing  the  internal  power 
supply  repetition  rates  of  1.5KHz  are  achievable  and  with 
external  power  supplies  repetition  rates  of  lOKHz  are 
achievable.  These  units  are  designed  to  be  triggered 
externally. 

Eiectro-Qptical  Characteristics  at  25°C  Case  Temperature 


Peak  Dotical  Output  Power 

n  m . 

100 

vr  • 

naA  • 

Ull  1  V  o 

r - 

watts 

Optical  Pulse  Width 

40 

ns 

Maximum  Repetition  Rates  - 

Internal  Power  Supply 

1.5 

KHz 

External  Power  Supply 

1 

10 

KHz 

Wavelength 

904 

nm 

Exit  Aperture 

50 

mm 

Beam  Divergence 

1 

mr 

Power  Requirements  =  A  Option  -  12VDC 

B  Option  -  24VDC 


Trigger  Input  Requirements  *  5  Volts  into  50  ohms,  1  microsecond  pulse  width  min.  5„sec  max. 

Information  orovided  by  M/A-COM  Laser  Diode,  Inc.,  is  believed  to  be  accurate  and  reliable. 
However,  no  resoons ibil ity  is  assumed  for  its  use,  or  for  infringement  of  the  right  of  others. 


Featuring: 


Description: 


M/A-COM  Laser  Diode,  Inc.,  reserves  the  right  to  make  changes  at  any  time  in  order  to  improve 
th*'  design  and  to  supply  the  best  product  possible. 
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MEGAPLUS  Camera ,  Model  1.4 


Trigger  Mode. 

An  external  signal  initiates  the 
exposure.  The  Camera  Control 
Unit  terminates  the  exposure  tas 
determined  by  the  EXPOSURE 
switch  setting)  then  transrers  the 
image  data  to  the  host  computer. 
This  sequence  is  halted  until 
another  external  signal  is 
detected. 


Continuous  Mode.  Control  Mode. 

The  Camera  Control  Unit  An  external  signal  initiates  then 

self-initiates  and  terminates  the  terminates  the  exposure  tas 

exposure  tas  determined  bv  the  determined  bv  the  time  between 

EXPOSURE  switch  setting),  then  the  two  states  or  the  control  line) 

transfers  the  image  data  to  the  then  transters  the  image  data  to  the 

host  computer.  This  sequence  is  host  computer.  This  sequence  is 
repeated  indefinitely  with  no  halted  until  another  external  signal 

time  gaps.  is  detected. 


Mechanical  Specfflcations. 


Sensor  Specifications. 

•  Imaging  Device:  Solid-state  charge-coupled  device 

iCCD);  tull-trame  imager. 

•  Total  Pixels:  1  389.580  ( 1  340  H  x  1037  V). 

•  Light-sensitive  Pixels:  1  363.095  1 1  31  7  H  x  1035  V). 

•  Elements  Transferred  1  394  pixel  clock  pulses  in  each  line 

per  Line:  transfer  1 1  31  7  tor  active  video  +  77  for 

svnc  and  blanking). 

•  Lines  Transferred  1 037  lOne  dark  line  at  the  top  and 

per  Frame:  one  dark  line  at  the  bottom) 

•  Pixel  Size:  6.8  x  6.8  microns  (square  format). 

•  Center-to-Center  6  8  microns,  vertical  and  horizontal 

Pixel  Spacing:  (unity  till-ratio). 

•  Active  Area:  8.98mm  (H)  x  7.04mm  (V).  4:3  aspect 

ratio.  2/3"  format  compatible. 

Video  Performance. 

•  Black  Level:  Clamped  to  black  reference  at  start  of 

each  line. 

•  Gamma:  Lmtv. 

•  Scanning:  Non-Interlaced. 

•  Synchronization:  Internal. 

•  Dynamic  Range:  Greater  than  55  dB  at  the  Analog 

Video  Output.Measured  at  an  ambient 
temperature  ot  <25°C,  <50  msec 
exposure  time  and  sampled 
svnchronouslv  with  pixel  clock. 

•  Pixel  Clock  Rate:  10  MHz. 

•  Frame  Rate:  6.9  frames/ sec.  @  strobe  illumination. 

5.1  trames/sec.  @  50  msec  exposure 
time.  2.5  frames/sec.  @  250  msec 
exposure  time. 

Note:  Frame  Rate  =  1/H45  milliseconds  +  exposure  time) 
Specifications  subject  to  change  without  notice. 


Camera  Head 

All  aluminum  gasket  sealed  case. 

Dimensions: 

•  F-Mount:  4.45"  x  3.90"  x  5.19" 

•  C-Mount:  4.45"  x  3  90"  x  4.69" 

•  Weight:  3  lbs 

•  Tripod  Mount:  I '4  -  20  threads. 

Camera  Control  Unit 

•  Dimensions:  2.51"  x  12.0”  9.94" 

•  Weight:  6  lbs 

•  Mounting:  Feet  tor  desktop,  brackets  for  hard 

mounting  in  any  orientation. 

Envbmmital  RflguirBinsfits. 

Temperature 

•  Operating:  0  to  35°  C  (32  to  95°  Ft,  non  - 

condensing  ilmage  quality  will 
degrade  with  increasing  temperature). 

•  Storage:  -25  to  +80°  C  (- 1 3  to  1 76°  F). 

non-condensing. 

Humidity 

•  Operational:  <  80%  @  40°  C  (95°  F). 

•  Storage:  <  40%  @  80°  C  (1 76°  F). 

Vibration:  3  g,  sinusoidal  from  5  to  1 50  Hz. 

Shock:  30g. 
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UDC-500Q  Series 

V1d«o  Digitizer  &  Duel  from* 

Display  Controller  for  Q-8us 


KRTURCS 

MEMORY 

•  Dual  Frame  Butters  up  to  1024  x  1024  x  8-bits  each 

•  Overlay  memory- 1024  x  1024  x  2-bits 

•  '/«  MBytes  ot  Display  List 

•  Dual  Ported  Memory 

DISPLAY 

•  Up  to  1024  x  1024  x  8-bit  Display  Resolution 

•  256  Colors  or  Gray  Levels 

•  1024  x  1024  x  2-bit  graphic  overlay 

•  Hardware  pan,  scroll,  zoom 

•  Flicker-free  60  Hz  non-interlaced  display 

•  Input  and  Output  LUT’s 

•  Using  82786  GPU  Graphic  Controller 

VIDEO  INPUT  (Optional) 

•  Video  Digitizer  accepts  any  standard  or  non¬ 
standard  analog  or  digital  video  inputs  up  to  1024  x 
1024  @  15  Hz,  30  Hz  or  60  Hz  interlaced  or 
non-interlaced 

FUNCTIONAL 

•  Occupies  single  quad-size  Q-bus  slot 

•  Supplied  with  initialization  and  diagnostic  software 

•  Callable  imaging  and  graphics  library  software 
available 


TYPICAL  APPLICATIONS 

•  Medical  imaging 

•  CAD/CAE 

•  Animation 

•  Landsat  Image  Analysis 


GCNCRRl  DESCRIPTION 

The  UDC-5Q0  is  an  advanced  high  resolution  dual 
frame  bit-mapped  display  controller  featuring  input 
video  digitizers  which  can  digitize  analog  or  digital 
input  sources  up  to  1024  x  1024  @  15.30  or  60  Hz 
interlaced  or  non-interlaced.  It  can  also  display  256 
colors  from  a  palette  of  over  16.4  million. 

By  combining  the  Intel  82786  display  controller  with 
video  RAM  memory,  operations  such  as  polygon 
drawing,  line  drawing,  bit  block  transfers,  and  multi¬ 
font  text  generation  are  performed  at  high  speeds. 
The  display/overlay  memory  is  dual  ported  thus  al¬ 
lowing  high  speed  host  access,  in  addition,  the  dis¬ 
play  memory  is  double  buffered  enabling  one  buffer 
to  be  displayed  while  the  other  is  being  updated  by 
the  graphic  processor  or  the  video  digitizer.  On 
board  logic  controls  the  selection  of  the  display 
buffer  in  real  time  without  host  intervention  or  flicker. 

The  product  is  configured  on  a  single  DEC  Quad¬ 
sized  Q-bus  compatible  card  with  the  optional  input 
video  digitizer  provided  as  a  piug-m  daughter  board. 
The  unit  is  provided  with  a  Micro  VMS-compatible  in¬ 
itialization  and  diagnostic  software.  Other  drivers 
and  a  software  library  are  also  available. 
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PRODUCT  SPECIFICATIONS 

Perform  cmc«  Characteristics 

(Optional)  Video  Digitizer  Inputs 

Display  Mode 

Landscape 

Digital  Version 

Direct  digital  interface 

Bit  Map  Memory 

2  MBytes  Frame  Buffer 

from  VIDEK 

256KBytes  Display  list 

Megaplus  camera  (or  similar! 

256KBytes  Overlay 

Analog  Version 

8-bit  flash  A.D  Converter 

Display  Resolution 

1024  x  1024  x  8-bit 

operating  at  10  or  20  MHz 

Zoom  Factor 

2:1, 4:1 

Output  LUT 

provided 

Resolution 

Programmable  up  to 

Video  Bandwidth 

87  MHz 

1024  x  1024  interlaced 

Monitor  Scan  Rate 

up  to  64  KHz 

60  Hz  non-mtegrated 

Input  LUT 

or  non-interlaced 

provided 

Host  Interface 

DEC  MicroVAX  Occupies  a 

single  quad  slot 

DC  restoration 

provided 

Memory  Access 

Byte,  word 

two  pixels  per  access  from 
the  host  Bus  at  2  Million 

Input  Video  BW 

21  MHz 

pixels/sec. 

Mechanical  Characteristics 

Register  Access 

Memory  mapped 

Memory  Addressing 

Memory  mapped 

Dimensions 

Occupies  1  MicroVAX 

Q-bus  slot 

2  slots  with  option  510 

High  S peed  Drawing  Functions 

8.43"  x  10.46"  single  board 

Line,  Polygon,  Arc,  Circle,  Fast  Bit  Block  Copies,  Text, 
Multi-horizontal  Split  Screens  Hardware  Clipping, 

Oper.  Temp. 

Oto  +  70°C 

Boolean  read  modify  write  drawing  commands 

Relative  Humidity  0  to  90%  non-condensing 

Video  output 

RS-343 

Warranty 

1  year  factory  parts  and  labor 

Composite  or  separate  sync 

Monitors 

Supported 

Hitachi,  Panasonic,  SONY, 
Mitsubishi,  others  (consult  fac 
tory) 

Specifications  subject  to  change  without  notice. 

DEC,  Q-Bus,  and  MicroVAX  are  registered  trademarks  of  Digital  Equipment  Corporation. 

Ordering  Information 

UDC-500-Q  10M  1024  x  1024  x  8-bit  monochrome  dual  frame  buffer 

UDC-500-Q  10C  1024  x  1024  x  8-bit  color  dual  frame  buffer 

> 

OPTIONS 

U DC-501  digital  digitizer  input 

UDC-510  analog  digitizer  input 
v  UDC-51 1  both  analog  and  digital  digitizers 

42 


New  from  Melles  Griot,  a  modular  system  for  light  detection  consisting  of 

photodiodes,  photodiode  mounts,  and  optical  filters  for  light  detection  from  350nm  to  UOOnm. 


Mounts 

►  Universal  Modular  Photodiode 
Mount 

Photodiodes  may  be  quickly 
mounted  or  replaced.  Electrical 
connection  is  made  using  sleeved 
clips,  eliminating  the  need  to  solder 
and  unsolder  photodiode  leads 

System  provides  convenient 
mounting  for  T05,  T08,  T046  and 
T075  style  photodiodes 

A  BNC  socket  provides  a  simple 
electrical  interface  to  amplifiers  and 
sensing  circuits 

►  Stackable,  Snap-together  Filter 
Mounts 

Easy  snap-action  mounting 
mechanics  for  addition  or 
substitution  of  optical  filters, 

25mm  or  1  inch  in  diameter 


Silicon  photodiodes 

NIST  (formerly  NBS1  traceable 
calibration  services  from  350nm  to 
llOOnm 

Low  dark  current  minimizes  signal 
noise 

Applications  Include: 

Laser  Beam  Sensing 
Photometry  and  Radiometry 
Analytical  Instrumentation 
Process  Control  Instrumentation 
Optical  Communications 


Optical  filters 

►  Neutral  Density  Filters  — 

prevent  photodiode  saturation  by 
attenuating  the  incident  light  beam 

►  Bandpass  Filters — 

eliminate  noise  present  in  a 
photodiode's  output  signal  due  to 
background  lighting 

►  Opal  Glass  Diffuser  — 
reduces  the  signal  amplitude  error 
of  photodiodes  caused  by  nor.- 
uniformity  and  spatial  drifting  in 
the  incident  light  beam 
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NIVERSAL  MODULAR  MOUNTING  SYSTEM  FOR  PHOTODIODES 


The  Melles  Griot  modular 
mounting  system  for  photodiodes, 
eliminates  the  three  most  common 
problems  associated  with  using  photo¬ 
diodes  in  optical  systems,  namely, 
mounting  the  detector,  connecting  it 
to  an  operating  and  sensing  circuit, 
and  providing  a  convenient  user 
interface  to  optical  filters. 

Designed  for  quick  installment 
or  replacement  of  a  photodiode  in  an 
optical  system,  the  Universal  Detector 
Mount  (13  DMA  001)  holds  the 
photodiode  in  a  very  stable  mounting 
position.  Four  adaptor  rings  are 
included  which  accept  a  variety  of 
photodiode  can  styles,  including 
T05,  T08,  T046  and  T075.  Electrical 
connection  to  the  detector  is  made 


using  sleeved  clips,  eliminating  the 
need  for  soldering  and  unsoldering 
leads.  A  BNC  socket  is  included  for  a 
convenient  interface  to  an  external 
sensing  circuit  or  amplifier. 

The  Melles  Griot  Stackable 
Filter  Mounts  (13  DMA  003  and 
13  DMA  005)  are  accessories  to  the 
Universal  Detector  Mount.  Together, 
they  create  a  light-tight  mounting 
system  which  completely  blocks  stray 
ambient  light  (thereby  reducing 
background  noise)  and  makes  adding 
or  substituting  optical  Filters  in  front 
of  the  photodiode  easy. 

Mounts  simply  “snap"  together,  and 
accommodate  filters  either  25mm  or 
1  inch  in  diameter. 


PRODUCT 

NUMBER 

A 

<Z>B 

13  DMA  001 

39.7 

50 

13  DMA  003 

19.8 

50 

13  DMA  005 

27.0 

50 

LICON  PHOTODIODES 


New  from  Melles  Griot, 
single  element  planar  diffused 
photodiodes  are  designed  for  general 
purpose,  medium  to  high  speed  light 
detection  applications.  Each  device 
consists  of  a  silicon  photodiode 
element  mounted  in  a  sealed  metal 
can  with  a  thin  cover  glass.  This 
ensures  mechanical  ruggedness  and 
reliable  operation.  As  a  result  of  a 
carefully  controlled  diffusion  process, 
Melles  Griot  13  DSI  series  photo¬ 
diodes  exhibit  characteristically  low 
dark  current,  high  linearity,  and 
operate  ever  a  wide  spectral  range 
(see  graph).  This  allows  accurate 
detection  of  very  low  light  levels 
across  the  visible  and  into  the  near-IR. 


accurately  characterized.  Melles  Griot 
offers  full  responsivity  calibration  and 
re-calibration  services  from  350nm 
to  llOOnm  on  the  following  silicon 
photodiodes:  13  DSI  007, 13  DSI  009 
and  13  DSI  Oil.  The  photodiode 
calibration  services  are  traceable  to 
NIST  (formerly  NBS)  standards. 


SPECIFICATIONS 

Spectral  Response  Band:  350-1100  nanometers 

Responsivity:  0.45  Amps/Watt  @  830  nanometers  minimum,  no  cover 


In  certain  applications  where  the 
measurement  of  absolute  light  levels 
is  imperative  (particularly  various 
types  of  radiometry),  a  photodiode  s 
typical  responsivity  may  not  be 
sufficient.  In  these  instances  it  is 
necessary  to  use  a  detector  whose 
absolute  responsivity  has  been 


Actire 

Ana 

{nun2| 

Dark  Current 
Vrb01V 
(nA| 

Voltage 

Breakdown 

(V) 

Shunt 

Resistance 

Vrb-0 

|MCt 

Junction 

Capacitance 

Va-o 

(pO 

NEP 

0l3Ona 

(25'Q 

(WvTfa) 

Package 

Tfl* 

PRODUCT 

NUMBER 

0.31 

0.7 

60 

300 

10 

1.5  x  10' 14 

T046 

13  DSI  001 

1.00 

0.9 

40 

120 

25 

2.3  x  10' 14 

T046 

13  DSI  003 

3.10 

3.1 

30 

60 

72 

3.3  x  10' 14 

T05 

13  DSI  005 

10.00 

10.0 

20 

40 

230 

4.1  x  10'14 

T05 

13  DSI  007 

31.00 

31.0 

15 

10 

713 

8.1  x  10' 14 

708 

13  DSI  009 

100.00 

110.0 

10 

4 

2300 

1.3  x  10'13 

T075 

13  DSI  011 
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mounting  post 
1  '  4-20  or  M6 


mounting  post 
’'4-20  or  M6 


Call  Melles  Griot  for  complete 
specifications  on  the  new 
TYansimpedance  Amplifier. 

13  AMP  003. 


HOTODETECTION  SYSTEM  PERFORMANCE 

A  typical  light  detection 


system  consists  of  a  photodiode 
and  its  associated  sensing  circuit 
(load|.  This  circuit  largely  influences 
the  bandwidth  the  system  will  have, 
and  the  minimum  optical  power  the 
system  can  accurately  detect. 
System  performance  is  based  upon 
the  selection  of  photodiode  and  load 
type  (amplifier,  resistive  load)  for  a 
given  application. 

An  important  consideration  when 
selecting  a  photodiode  is  the  size  of 


the  device's  active  area.  Photodiodes 
with  larger  active  areas,  e.g.  31mm2 
and  100mm?  are  useful  for  appli¬ 
cations  requiring  an  extended  field 
of  view,  or  the  measurement  of 
expanded  beams  of  light.  However, 
there  is  a  design  trade-off  with 
increased  noise.  Photodiodes  with 
small  active  areas,  e.g.  0.31mm2  to 
3.1mm?  are  less  noisy  and  well  suited 
for  very  directional  measurements, 
but  usually  require  optics  to  focus  the 
incoming  light.  This  presents  a  variety 
of  mounting  and  positioning  choices. 


Shown  below  is  a  table  indicating  the 
combined  system  performance  for 
Melles  Griot’s  new  silicon  photodiodes 
and  the  new  transimpedance  amplifier 
(13  AMP  003).  Once  an  applications 
bandwidth  and  signal-to-noise 
requirements  have  been  identified, 
this  table  will  be  useful  for  identifying 
the  appropriate  photodiode/amplifier 
combination. 


BANDWIDTH  |kHr) 

CURRENT  NOISE  |Amps  RMS) 

NEP  (Watts  RMS) 

PRODUCT 

Amplifier  Gaia  (Volu/Aropl 

Amplifier  Gaia  |  Volts/Amp) 

Amplifier  Gain  (Volts/ Amp) 

NUMBER 

to3 

10® 

109 

103 

106 

10* 

103 

to6 

109 

13  DSI 001 

45 

35 

0.1 

2.0  xlO'8 

9.8  x  10'“ 

7.1  x  10' 13 

4.4  xlO*8 

2.2  x  10" 10 

1.6  x  10' 12 

13DSI003 

45 

35 

0.1 

2.0x10'* 

1.2x10' 10 

7.9  xlO'13 

4.4  xlO'8 

2.7x10' 10 

1.8x10' 12 

13  DSI  005 

45 

35 

0.1 

2.0  x  10 '* 

1.5  x  10' 10 

9.0  xlO'13 

4.4  xlO'8 

3.3  x  10"10 

2.0  x  10' 12 

13  DSI  007 

45 

35 

0.1 

2.0  xlO'8 

2.6x10' 10 

1.4  xlO" 12 

4.4  xlO'8 

5.8  xlO' 10 

3.1  xlO'12 

13  DSI  009 

45 

35 

0.1 

2.0  x  10'8 

5.7x10' 10 

2.3  xlO'12 

4.4  x  10' 8 

1.3  x  10'9 

5.1  x  10' 12 

13  DSI  011 

45 

35 

0.1 

2.0  x  10' 8 

1.2  x  10'9 

3.5  xlO' 12 

4.4  xlO'8 

2.7  x  10'9 

7.8  xlO' 12 

The  table  shows  the  combined  peiformance  for  Melles  Griot  Silicon  Photodiodes  and  Thansimpedance  Amplifier  13  AMP  003. 
NEP  values  for  a  responsivity  of  0.45  Amps /Watt. 


► 
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WIDE  BANDWIDTH  DETECTOR  AMPLIFIER 

13AMP005 


The  Melles  Griot  Wide  Bandwidth 
Amplifier  ( 13AMP005 )  is  a  high  speed,  DC- 
coupled,  transimpedance  amplifier.  It  is  in¬ 
tended  for  use  with  photodiode  detectors, 
including  silicon,  germaniun  and  AlGaAs 
devices.  The  amplifier  has  a  useful  range  of 
input  currents  from  lOOpA  to  2mA  in  five 
gain  ranges.  The  input  current  is  displayed 
on  the  front  panel  LCD.  The  unit  provides  a 
settable  detector  reverse  bias  voltage  for  im¬ 
proving  detector  response  time.  It  also  has 
an  offset  current  adjustment  for  nulling 
background  currents. 


FEATURES 

e  TRANSIMPEDANCE  GAIN 
Amps  to  Volts  conversion 

•  FIVE  DECADE  GAIN  RANGE 
1,000  to  10,000,000  V/A 

•  WIDE  BANDWIDTH 
DC  to  5MHz  at  1.000V/A 

•  LCD  DISPLAY 

3  1/2  digit  LCD  with  backlight 

•  LOW  NOISE 

lOQnA  RMS,  at  1,000  V/A 
20pA  RMS,  at  10,000,000  V/A 

•  ADJUSTABLE  BIAS 
-lOVto  +10V 


APPLICATIONS 

•  Air-to-air  optical  communications 

•  Fiber-optic  communications 

•  Detector  characterization 

•  Laser  pulse  detection 

•  Industrial  beam  interrupt  detection 

•  Radiometric  calibration 
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Input 

-2mA  to  +2mA 

Input  Connector  Type 

BNC 

Output 

-2V  to  +  2V  (-4V  to  +  4  V  unterminated) 

Output  Impedance 

50  Ohma 

Output  Connector  Type 

BNC 

Bias  Voltage  Range 

±10V 

Offset  Current  Range 

x5mA  (Low),  ±5QuA  (High) 

Display  Range 

■1.999  to  +L999 

Dime&sio&s 

S3  mm  H  x  136mm  W  x  178mm  D 

Weight 

U3Kg 

Power  Requirements 

100-120/220-240  VAC,  50-60  Hz,  10  Watu  maximum 

Operating  Temperature 

-t-10*C  to  +  35*C 

Storage  Temperature 

-40*C  to  -r5rc 

GAIN 

(V/A) 

BANDWIDTH 

(-3db) 

RMS  NOISE 
(SMHzBW) 

1,000 

5  MHz 

100  nA 

iaooo 

125  MHz 

12  nA 

100,000 

300  KHz 

1.3  nA 

1,000,000 

75  KHz 

180  pA 

10,000,000 

IS  KHz 

22  pA 

Specification*  subject  to  change  without  notice. 
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